ABSTRACT
Since then, the technique of thulium prostatectomy has gained significance with ThuVEP (Thulium laser vapoenucleation) showing encouraging clinical results using a similar technique comparable with holmium laser enucleation of the prostate (HoLEP). 5 The wavelength of the thulium (2013 nm) laser is very close to the peak for absorption in water (1940 nm) , and this high-density energy is delivered in a continuous wave. The energy transforms to more efficient vaporization with shallower depth (0.2 mm) of penetration in tissue. 6 which results in a smaller zone of thermal damage, which decreases post-operative dysuria that is commonly associated with transurethral laser prostate procedures. 7 The continuous wave mode is more suitable for hemostasis and coagulation of tissue, whereas the pulsed mode for is more suited for lithotripsy. 8 The past researches using the 70-150 W thulium laser systems had demonstrated good short-term efficacy with low morbidity and few complications. This paper reviews the current evidence of safety and efficacy to evaluate the efficacy of vaporization, and vapoenucleation (without a morcellator) in thulium laser prostatectomy for the treatment of bothersome lower urinary tract symptoms due to BPH.
METHODS
In the present retrospective study, 82 patients with bothersome LUTS due to BPH who underwent thulium laser surgery [ThuVAP (n=38) and ThuVEP (n=44)] between March 2017 and January 2018 were analyzed to evaluate the comparative efficacy and safety profile between the 2 given methods after obtaining institutional ethics committee clearance. Inclusion criteria consisted of age ≥50 years, acute urinary retention with failed catheter free trial, symptomatic BPH with a maximal flow rate (Q max) of <15 mL/s, and International Prostate Symptom Score (IPSS) ≥ 8. Exclusion criteria were IPSS ≤ 7, Q max ≥15 mL/s, known case of adenocarcinoma, urodynamically confirmed neurogenic bladder and previous endoscopic surgery for BPH. Patients were thoroughly evaluated for all comorbidities preoperatively and at 6 weeks, and at 3, 6, and 9 months after surgery, using IPSS score, quality-of-life (QoL) score, Q max and post-void residual urine (PVRU). All intraoperative measures such as total operating time, laser-activation time, and estimated blood loss were noted for all the cases. The post-operative prostate volume was measured both pre-surgery and again at 3 months after the procedure to assess the vaporized prostate volume with the help of transrectal USG (TRUS). The operative time was calculated from insertion of the resectoscope into the urinary bladder to the perurethral catheterization at the end of the procedure. The lasing time was calculated when the laser was in use. Complications were graded according to the modified Clavien -Dindo-Dindo classification system. Because of inherent heterogeneous baseline characteristics among patients undergoing ThuVAP and ThuVEP, we used 1:1 propensity score matched analyses to adjust for these differences. A total of 64 patients who underwent ThuVAP (n = 32) or ThuVEP (n = 32) were analyzed. All the procedures were carried out by a single surgeon.
SURGICAL METHODS
Thulium laser prostatectomy was performed with the use of Quanta Cyber TM Thulium laser (Quanta System, Oloma, Italy). All patients were in lithotomy position and spinal or general anesthesia was achieved. We used a conventional 24 Fr resectoscope in both the procedures. A 550 μm end firing fiber was used to transmit laser energy to the prostate with an energy setting of 90 W for ThuVAP and 70 W for ThuVEP. For ThuVAP, we carried out the procedure with an "insideout" vaporization of the prostatic adenoma starting at verumontanum. The surgeon vaporized the adenoma arbitrarily which was not dependent on the exact surgical capsule between the adenoma and the peripheral zone.
9 (9) . On the other hand, ThuVEP was carried out in an "outside in" vapoenucleation, as in holmium laser prostatectomy. 10 (10) . All the continuous pre and perioperative variables were analyzed using the independent t-test. The categorical data were analyzed using the χ2-test. The correlation was established by using the Pearson's R coefficient. Propensity scores were obtained by multivariate logistic regression, based on age, prostate size and IPSS. All statistical analyses were carried out using SPSS software (version 21), and statistical significance was assumed at p< 0.05.
RESULTS
All baseline characteristics are listed in Table 1 and 1:1 propensity matched variables in Table 2 with their mean ± SD values. None of the pre-operative variable had any significant differences between the two groups ( QoL, Q max, and PVRU were constantly monitored at 6 weeks, 3 months, 6 months, and 9 months. The IPSS score was significantly different between the 2 groups at 6 weeks and maintained at 6 months and 9 months (Table 4 , Figure 2 ). The drop in IPSS from the pre-operative period to 9 months was 56.86% for the ThuVAP group and 71.16 % for the ThuVEP group and was significantly different between the 2 groups (p=.012). The QoL parameter was similarly analyzed at similar follow-up periods as mentioned earlier with significant difference observed at 6 weeks, 3 months and maintained at 9 months (Table 4, Figure 3 ). The increase in QoL from the pre-operative period to 9 months was 28.05% for the ThuVAP group and 40.28% for the ThuVEP group and was significantly different between the 2 groups (p=.032). The Q max was assessed and a significant difference was observed at 6 weeks, 3 months and maintained at 9 months (Table 4 , Figure 3 , Figure 4 ). The increase in Q max from the pre-operative period to 9 months was a staggering 94.23% for the ThuVAP group and 102.28% for the ThuVEP group (p=.150). Finally, PVRU was assessed at similar time periods and a significant difference was observed at 6 weeks and 3 months (Table 4, Figure 5 ). The decrease in PVRU from the pre-operative period to 9 months was 73.94% for the ThuVAP group and 78% for the ThuVEP group (p=.350). Most patients in each group were catheterized for 2 or 3 days, and if placed, the catheter was removed on the third postoperative day. When the per urethral catheter (PUC) time was analyzed, it was found that that the mean time for ThuVAP group was 3.3 days while it was 2.5 days for the ThuVEP group (p=.001). Similarly the mean hospital stay was 4.5 days in the ThuVAP and 3.6 days in the ThuVEP group (p=.007). The Table 5 lists the complication according to the modified Clavien -Dindo classification system. The majority of the patients went through grade I-II complication (57.8%). According to the 2004 Clavien -Dindo classification system, there were 22 (34.38%) cases with grade I complications consisting of clot retention, transient incontinence, and bladder mucosal injury. Only one patient in the ThuVEP group required a blood transfusion. Within the 6 weeks after surgery, a significant difference in urethral discomfort (dysuria) was noted, with 14 patients (43.75%) complaining of dysuria in the ThuVAP group versus 4 patients (12.5%) in the ThuVEP group. Most of the dysuria was of persisting nature and remained bothersome till 6 months (28.13%, n=9) post-surgery in the ThuVAP group. Delayed bleeding was observed in 3 of 32 patients (9.38%) in the ThuVAP group, and none in the ThuVEP group and these patients required transurethral coagulation under general anesthesia. In the ThuVAP group, there were 2 patients with urethral strictures and bladder neck stenosis, resulting in voiding difficulty at 6 months after surgery, and these patients required optical internal urethrotomy bladder neck incision. All 3 patients of grade 4 complications recovered after a brief stay in ICU with intense monitoring and hemodialysis.
DISCUSSION
The existing laser platforms can be successfully used in various BPH surgery techniques. The scrutiny of their physical properties (target chromophore, wavelength, power and emitting mode) has enabled us to understand their mode of action such as vaporization, vaporesection, vapoenucleation and enucleation on prostatic adenomatous tissue and their possible clinical application. The thulium laser has efficient and even cutting combined with thorough hemostasis which is required for surgical safety in an unmatched manner. 11, 12 (11) (12). Since the properties of water remain static until water attains boiling point, the effect of the thulium laser remains constant throughout the surgery.
13 (13) . In the present analysis, the mean IPSS had improved threefold and fourfold in ThuVAP and ThuVEP group respectively post-surgery at 9 months. Similarly, the QoL parameter improved nearly 1.5 times in both the groups after surgery. In addition, the Q max had increased approximately twofold, and the PVRU volume had decreased by nearly 75% in both groups compared with the baseline values. It was observed that there was an immediate improvement in IPSS at 6 weeks after surgery which was maintained at 9 months and there was a significant difference between the two groups. This might be attributed to the higher post-operative irritative symptoms and urethral discomfort caused by the longer lasing time of the prostate adenoma in the ThuVAP group. Our analysis suggested that the number of patients who complained of urethral discomfort increased disproportionately in the ThuVAP group when compared to the ThuVEP group. It was hypothesized that in vaporization, the adenoma becomes rugged leading to application of high laser energy to the surface of the irregular adenoma to smoothen it for a longer period of time. This might be a possible aggravator for increased irritative symptoms and urethral discomfort immediately after surgery. In addition, an inside-out approach to vaporization might have led to the longer lasing time in travelling to the correct plane. In the present analysis it was proved beyond any shadow that ThuVAP required longer operation and laser times compared with ThuVEP. ThuVEP showed a significantly higher vaporization potential and prostate volume reduction rate after surgery (see Table 3 ). There was a meaningful difference of lasing time (56.5 minutes vs. 44.8 minutes) between the two groups which might have been the sole cause of increased irritative symptoms and urethral discomfort. We could remove more prostatic adenoma with the shorter surgical time in the ThuVEP group.
When the post-operative parameters were analyzed between the 2 groups (ThuVAP vs. ThuVEP), it was seen that the vaporized volume (59.05 gm vs. 73.65 gm, p= .001), prostate volume reduction (78.06% vs. 72.49%, p=.001), and PSA reduction (62.24% vs. 46.80%, p=.001) were significantly different between the two groups (see Table 3 ). Bach et al. reported a mean prostate volume reduction of 86% and a PSA reduction of 88% after thulium laser vapoenucleation using a 120 W Tm:YAG laser with a routine power output of 90 Watt.
14 (14) . The present analysis failed to reach those reported percentages of prostate volume reduction and PSA decrease. Nevertheless, The present study was compared to the previous available literature in terms of efficacy and safety profile with 2 different arms compared with different observational studies as no past study has solely compared thulium vaporization with vapoenucleation ( Table 6 ).
The thulium laser surgery for BPH had complication rates comparable with those published in large series on HoLEP and PVP but lower than TURP. [15] [16] [17] The ThuVAP group had 3 cases of acute urinary retention (AUR) post PUC removal while the ThuVEP had 4 such cases. All these cases were recatheterized again and PUC removed after 48 to 72 hours after monitoring clinical progress. Reich and team 20 specified a rate of AUR of 5.8% for TURP and bleeding necessitating transfusion of 2.9%.
18 (18) . In our series, 40.63% (ThuVAP =12, ThuVEP = 2) of the patients remained on anticholinergic treatment, complaining of irritative LUTS 9 months after procedure. We adjudge these irritative symptoms post ThuVAP to the higher energy used and longer urethral time but at the same time the possible role of the bladder in irritative LUTS in men must be considered and rules out. It is estimated (19) . In addition, up to 1/3 of patients undergoing prostatectomy may present with urgency symptoms up to 11 months after surgery. 20 (20) . A recent study described the appearance of urge urinary incontinence not associated with detrusor hyperactivity in 50% of patients who underwent vaporization with 120 Watt LBO, which remitted in the subsequent 3 to 12 months. 25 (25) . The present analysis showed no statistically significant difference in any other complications except transient SUI and dysuria in both arms. There was a single bladder mucosal injury in the ThuVEP group developed in the process of vaporizing that enucleated portion of the prostate intravesically. Three patients required transurethral coagulation under general anesthesia because of hemorrhage or delayed bleeding. In the present analysis patients were requested to discontinue anticoagulant and antiplatelet therapies 5-7 days before surgery after taking cardiology consultation. The data of the patients who were still taking anticoagulants due to unavoidable cardiac circumstances were excluded from the propensity matching analysis. Stress urinary incontinence was found in 4 (12.5 %) patient in the ThuVEP group, and 1 (3.13%) in the ThuVAP group with significant difference between them (p=.012). Though this was a transient condition, this was attributable to the loss of hammock like support to the external urethral sphincter. The similar incidence of urinary incontinence, compared with HoLEP could be as a result of less injury to the external sphincter or a smaller portion of the prostate adenoma removed. 22, 23 It was observed in our analysis that with the use of ThuVAP, the urethral discomfort rate did not decrease over time (3 to 6 months) irrespective of the surgeons' experience. The sexual function was preserved in both the groups (6 to 9 months) based on the IIEF -5 questionnaire confirming the fact that ThuLEP was mostly safe from the grievous complication of erectile dysfunction.
The present analysis was not without any limitations. First, ours was not a randomized prospective study and some selection bias might have crept in despite of best efforts in terms of complication recordings.
We tried to have telephonic conversation whenever the data was insufficient or misguiding. Second, there was a learning curve initially for the surgeon's surgical technique which got refined and tuned with time but these factors were not part of our analysis, making it impossible to evaluate their impact. Thirdly, the current follow-up period might not be long enough to draw parallel on long term post-operative efficiency between the 2 study arms and their and complications. Nonetheless, efficacy and feasibility could be demonstrated by the aforementioned results, further follow-up will be required to verify improvement in urinary symptoms and the need of redo surgery if any.
CONCLUSION
This is the first effort to our knowledge to evaluate the efficacy and safety of two different methods in thulium laser prostatectomy though retrospective in nature. Our key observations were that ThuVEP at 70 W has several advantages over ThuVAP at 90-Watt power. The lasing time was shorter with ThuVEP than with ThuVAP leading to better post-operative urethral comfort profile and lower IPSS in terms of irritative symptoms. The mean prostate volume reduction rate, mean vaporized volume, along with mean PSA drop percentage was significantly better with ThuVEP than with ThuVAP group. The hospital stay and catheter indwelling time are shorter in the ThuVEP group and the complications associated with it appear to be lower than ThuVAP group. The future of thulium laser surgery has just knocked on the endless opportunities of BPH management and there is a strong conviction that thulium would sooner or later replace TURP as the gold standard measure to deal with big prostate glands. Further RCTs with both arms of ThuVAP and ThuVEP will pave the way for validation of our results and new insights in surgical techniques.
